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Wings and Airfoils (6)
Alrfoils = Drag (08200)3 11 Z,3687 AERO-2153
(o8L21.7) Airplanes = Drag Reduction (08421.7);
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Tests were conducted to determine the improvemsnt obtained by reducing the surface
waviness on the experimental "low drag” wings fitted to the Hurricane II Z. 3687, to ome
thousandth of an inch varistion from the mean curve deflecotion on a two inch gauge length.
Results show that the drag coefficient has been reduced to 0.00Ll; over a range of 1if%
coefficients from 0.1 to 0.5, This corresponds to transition at 50-60% chord. laminar
flow was maintained up to Reynolds Nusbers of nsarly twenty millions.

2234/

W -
e R
Bty 4 5% i
iy,

~Crey




BRITISH RESTRICTFS Coos t
SUNITED SiATES RESTRICIBD

583
. .- #'L..z,
- i B ek

PROFILE DRAG MEASUREMENTS ON ;
HURRICANE iz 3687 FITI'ED WITH
“LOW DRAG” SECTIQN WINGS

by

R. H. PLASCOTT, B.Sc.(Eng.)

AITENTION 1S CALLED TO THE PENALTIES ATTACHING
‘ mmmamwmamm .

MMBMWUHMW
HBMDMM&G“WN’M FOR COMMUNICATION nwmm
HIM AS MAY REQUIRE TO BE ACQUAINTED WITH THE CONTENTS OF THE REPOAT IN THE COUNIE OF THEIR

mummmmumm:mmmm
INFORMATION 1S IMPARTED WITH DUE CAUTION AND RESERVE.

ANY PERSON OTHER THAN THE mmmwmmormmm,lv
FINUING OR OTHERWISE, SHOULD FORWARD (T, TOGETHER WITH HiS NAME AND ADDRESS.WN A CLOSED ENVELOPE

O THE SECRETARY, MINISTRY OF SUPPLY,
THAMES HOUSE, MLLBAN, LONDON .01

LETTER POSTAGE N:mnmummn mmum k,

ALL PERSONS ARE HEPERY WARNED THAT 'ntuwmolimn RETENTION OR DESTRUCTION OF THIS
DOCUMENT IS AN OFFENCE AGAINST THE omcuw:n‘nsmnu-nzo.

-4 »T 1\!04:—’:{.;/7¢_ Qfé

LONDOS




TRICTED

Class No: 533.691.13.001.5.
- Report No, Aero. 2153,

- September, 1946,

-

 ROYAL ATRCRAFT ESTABLISHMENT, FARNBOROUGH

Profile Drag .:easurements on Hurrioane II Z.3687
fitted with Special #ings of "Low Drag" Section built by
Armstrong Whitworth Aircraft Ltd,

by
R.H, Plascctt, B.So. (Eng.)

SUMMARY

This report describes flight tests to determine the improvement ob-
tained by reducing the surface waviness on the experimental "low drag"
wings fitted to this aircraft to + one thousandth of an inch variation
from the mean deflection curve on a two inch gauge length.

Provided no flies or cther insects were pioked up during the flight,
the drag coefficient has been reduced to 0,004, over a range of 1ift oo-
officient from 0.1 tc 0.5. This corresponds to transition at 50-60%
chord. #ith the rcduced surfacc waviness it was possible to maintain
laminar flow up to Reynolds Numbers of noarly twenty millions, The slight
rise in drag cocfficient at ikeynolds Numberas above fifteen millions pro-
bably arisesbecausc the surface did not meet the above requirements at all
points on the surface.
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Intr@ofion

A new type of oonstruction thought to be suitable for the maintenance
of laminar flow on a wing of "low drag" seotion has been designed by Arm-
strong Whitworth Ltd. In order to determine the oharacteristios of such

a wing in flight, specinl wings of tliis oonstruotion have been fitted out-
board of the wing Joint at the undercarriage to a Hurrioane II Z.3687.

During the provious flight tests on this sircraft (Ref.1), it was
found that the wavincss of the surfacc was largc enough to prevent full
lominar flow being stablishsd, wspucially at the higher Reynolds Numbers,
The aircraft wos therefore roeturncd to Armstrong whitworth Ltd. for re-
duction of the surface wovinuss, by usc of an appropriate filler and oare-

~ ful rubbing down,

The present tests wove undertakento detormine the improvement ob-
tained by reducing the surfuoe waviness to + one thousandth of an inoh
variaticn from the mesn defluction curve on a two inch gauge length.

2 Description of the Aireraft

The aircroft is fitted with a Merlin XX enginc (Fig.1). The wings are
rade to a design by Armstrong Whitworth Ltd, There is nc spar, the stresscs
being taken in 2 thick skin (18 S.W.G.) stiffened by spanwise stringers
of 3 inches spacing. The top and bottom surfaces are conneoted by ribs
15 anshes cpart, The leading and trailing cdges are oomstructed in a
normal mwnér and are conmcoted to the "low dreg" construction, which ex-
tends from 5% to 62% of the chord on both surfnces.

The wing profile wos designed ty the N.P.L. to give a peak suction at
50% chord, The root thickness is 17.9% nnd tip thickness 14.8% Tho
Junction of the "low drag" wing with the "conventional scetion® wing root
was oovered by a fairing pansl to blend the different profiles into eaoh
other.

The tust scction woas 9 fest from the fuselage oentre line on the port
wing (Pig.1). The detail of the test scotion, together with its profile,
is shown in Fig,2.

A leading=udge pitot-stotic hesd was fitted to the port wing tip.

3 Description of the Tests

she profilc drug of the scotion wna measured by a pitot-statio cumb
meunted 8,17 inches (9,947 chord) behind the trailing edge (Fig.2). The
loaa in total head in the wike wts muzsured by connueting the tubes to
airspued indicators in the cutomatic observer., in nltimeter, olreraft
A3, cnd necelerometur fur normal "g" were included in the cbserver,

The profile drag of the secotion w:s caloulated by onnlysing the wake
traverse by the mcthod of Ref,. 2,

A1l the tests were mnde in level £light at 10,000 feet., In order to
obtain the high spueds, the airerai't hnd to be dived from some height
“bove 10,000 feet and then lovelled sut before tnking readings. This of
ocourse muant thot the sireraft wos decelernting whilst the readings werc
buing tokun; but the deccleration was only sbout 1 ft./see./se0,, and
the correetion to drag ¢ crificivnt due to this wns nogligiblo,

L

The awrfaee wiviness 8 me surcd by menns of a defleotion gauge
which consistud of “n .oxs A1l wcunted on 'n ndjustoble base.  Traverses
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of the wing were made with o three inch gauge length on the teat section
and on seotions five inches and ten inches inboard and ocutboerd of the
test section. .s the spacing of the spanwisa stringers was three inches,
these measurements tend to exaggerate the waviness for comparison with
the flight tests on King Cobra FZ.440 (Ref,3), a traverse of the teat
seotion was made with o two inch gauge length. :

5  Results

5.1 Surfaoe Waviness

The results of the measurements with the defleotion gauge are shown
in Figs.3, 4 ond 5. The improvement in the surfnoe waviness is opparent
on all the meotions, the varintion from the mean deflection curve being
mostly less than one thousandth of an inch on the two inch gouge length.
The bottum surface is the worse in this roapect.

5.2 profile Prog

The profile drag occefficients, calculatod by the method of Ref.2
are plotted agoinst aircraft 1ift coefficient in Fig,6, for all onses in
which it nappearcd that no flies or other insects were picked up during
‘the £light. It will be seen that the drag coofficient hns been reduced
over the whole "low drog" range, the greatest improvement being at the
higher Reynolds Number end. The lovest 1ift coeffioclent recorded was
0,097 and the drag coefficicnt at this point was 0.0049. For oumparisun,
-the drng curve obtained in the previous flight tests is plotted on Fig.6
and it will be scen that the drag coefficient for o 1ift coefficient of
0.097 was then 0, 0066, the present tests thus shoving a reduction in drag
of 26f, The "low drag" ronge now cxtends from 0.1 tc 0.5 1ift ococfficient.

In Fig.7, are shown the rcsults of all the flights made, including
' those during which flies cnd othur insects were picked up, The incroasc
in droag due to flivs was quite large and it is clear that unless some
means can be found to prevent the -dinscota sticking to thoe surfroe, the
full advantage of smuoth low drag scoctions will not be nchicved in prac-
tioe,

6 Mointenance of the surfcoce

Most of the surface hcld very well; however at two points on the
port wing, chordwise cracka developed and uxtended from the leading cdge
to chout éo;: of* tho chord on the buttom surface, though on the top sur-
facc it unly extonded to zbout 4% back. One «f the cracks w:s only two
inches outboord of the teat section anmd required £illing and rubbing dowm
after ¢2ch flight, i

Fo trouble wns vxperienced with the drying out of the filler, though
it vas noticed that a subatancu, which prusumably had been uscd in pro-
censing the wing, tonded to ooze out of the skin Joints and around the
rivet heods,

7 Conclusions

The tests confirm the conclusions reached in previoua flight tests
on winga of "low drag" scotion, A grent improvement has been achicved
=t the high Reynulds Numbers by reducing the surfrce waviness to + one
thousandth of =n inch viri~tion from the neon deflcetion curve on a two
inch gauge length. It in cesential for the snintonance of laminar flow
et Heynolda Numbera of twenty millions that the surface wnviness should
not be lurger thn thin, Th: snue cunnlusion was renched during f£light
tests on King Cobra FL. 40 (ut.3) shun drag cocfticients of the urder
uf 0,0028 werv meaosurvd fter thu surface waviness had been reduced to

g —
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this standard, The slight rise in drag ooeffioient at the high Reynolds
Nunbers is probably due to the fact that the surface waviness did not meet
the above requirements at all points on the surface; particularly on the
bottom surface which will be the more oriticol at high speeds due to de-
orvasing inoidence.

The drag coefficient has been reduced over the whole “low drag"
range which now extends from 0,1 to 0.5 1ift coeffiolent as compared with
the 0,17 to 0.45 of the previous tests. The full reduotion in drag was
of course obtained only in those flights during which no flies or other
inscots were picked up by the wing,
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& chord , % chord
upper surface ; lower surface

3.04 2.29
442 3.09
Sel2 3.68
6.19 . 419
7.55 4,89
8,63 53
10,07 6.20
10,67 6.46
10,34 6.21
8,83 5,16
6.60 3.76
427 2.26
2,03 1,04
1,07 0.61
(0. 21) (c.21)
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FIG. 1.
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SCALE OF FEET.

G.A. OF HURRICANE 2.3687.
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FIG. 3.

THE SURFACE WAVINESS MEASUREMENTS

OF THE PREVIOUS FLIGHT TESTS ARE
SHOWN DASHED.
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FIG. S.
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